Detailed tI'ajectory calculations aI'e made for (X'particle., triton·, and proton. accompanied fission of 252Cf. Comparison between experimental values of the quantity IlEk/IlEp and those deduced from the classical thI'ee point charge model suggests either that the initial Coulomb potential energy at scission has a narrow distI'ibution (a result found by Feather 1971) or that a high degree of anticorrelation occurs between the initia.l potential energy and the initial kinetic energy of the fissioningsystem. In the latter case, the initial potential energy may be much broader.
I. INTRODUCTION
In a recent paper Feather (1971) studied the final state correlations occurring between fragment kinetic energy, <x·particle energy, and fragment excitation energy for the <x.particle.accompanied mode of 252Cf fission. The ternary fission mode was assumed to develop out of a corresponding intermediate binary mode and attention was focused on a single mode of mass and charge division. The model employed was somewhat simpler than those normally used for trajectory computations (e.g. Boneh, FraenkeJ, and Nebenzahl 1967; Raisbeck and Thomas 1968; Musgrove 1971a) , as no reference was made to angular relationships. Further, it was assumed that the point of materialization of the <x.particle and the kinetic and excitation energies of the heavy fragments were uniquely determined (for a particular mass and charge division) by the interfragment separation distance. Implicitly assumed, of course, was a classical three point charge model for the nucleus at the scission point; since Feather's (1971) treatment was essentially a formalization of the previous trajectory calculations which all depend on this model.
The scission point configuration assumed by Feather (1971) was that found by Musgrove (1971a) , which was intermediate between the configurations deduced by Boneh, Fraenkel, and Nebenzahl (1967) and Raisbeck and Thomas (1968) in their calculations. The interfragment separation at scission found by Musgrove (1971a) was 23·7 f where the fragments have acquired some 25 MeV of their final kinetic energy and the average initial <x.particle energy was found to be 2·75 MeV. Fong (1970) has also made trajectory calculations for the <x.particlecaccompanied mode of 252Cf using initial conditions at scission in agreement with his statistical theory of fission (Fong 1956) . For this statistical theory to be a valid description of fission, the heavy fragment kinetic energy must be small (---0·5 MeV) at the moment of scission. However, since Fong (1970) made no attempt to fit the detailed shapes of the final ex-particle kinetic energy distribution and angular distribution his calculations must be discounted. Musgrove (1971a) showed that average quantities could be fitted with a wide range of initial scission configurations (including those used by Fong 1970) and therefore no physical significance can be attached to such a fit.
On the basis of his simple model, Feather (1971) derived various formal relationships connecting the final ex-particle energy with prompt neutron number and with the final fragment kinetic energy. In particular, he found an expression relating the quantity I1Ek/I1Ea (where Ek is the average heavy fragment kinetic energy and Ea the ex-particle energy in the final state) to conditions at the scission point. Using a number of partial derivatives obtained from the calculations of Boneh, Fraenkel, and Nebenzahl (1967) and Raisbeck and Thomas (1968), Feather (1971) discovered that the experimental value for I1Ek/I1Ea could be obtained only if, at the moment of scission in the a-particle-accompanied mode, the heavy fragments had a nearly unique separation. Such a small variation of the nuclear configuration is not found in the corresponding binary mode from which the ex-particle-accompanied mode is assumed to develop. The result deduced by Feather therefore appears to be at variance with the large body of experimental evidence (Nardi and Fraenkel 1970) that shows that binary and ternary fissions have basically very similar scission configurations.
In the present paper, all the partial derivatives required in Feather's (1971) analysis for ex-particle-accompanied fission of 252Cf have been calculated explicitly and his calculation has been extended to include the proton-and triton-accompanied modes.
II. FISSION MODEL
We examine now a model of the ternary fission process used in trajectory calculations. The one point of departure from the model employed by Musgrove (1971a) is that for a specified mass and charge division of the heavy nucleus we assume that the light particle is emitted from a unique point between the heavy fragments. We take this point to be the position of minimum potential energy.
The initial parameters defining the state of the system when the light particle is first freed from the nuclear force are: Eo, the initial energy of the particle; To, the initial energy of the heavy fragments; Vo, the initial coulomb potential energy of the system; and (}o, the initial angle between the particle direction and the light fragment direction. After calculating the particle trajectory to "infinity" we obtain the final particle energy E p , the final fragment energy E k , and the final angle (}f between the particle and the light fragment direction. We write therefore and further
In most trajectory calculations, the light particle is assumed to be emitted isotropically with a Maxwellian distribution for initial energy. The angle (}o therefore has a sin (} distribution, and in the remainder of this work we assume that an average over (}o has been made and no further reference is made to this quantity.
The following standard values for the initial parameters of the system are those derived from the trajectory calculations of Musgrove (1971a Musgrove ( , 1971b which gave good agreement with the measured energy and angular distribution data:
Vh (ems-I) Here Ro is the separation of the heavy fragment centres and V h is the initial velocity of the heavy fragment. We now wish to examine the effect on the final particle and fragment energies of incremental changes in the initial parameters about their average values. From equations (la) and (lb) we obtain
which simplify to
From the expression for total energy release in ternary fission for a particular mode of mass division, namely (5) where Do is the deformation-excitation energy of the system at the scission point, we find that the quantity dTo/d Vo is given by (6) All derivatives in equation (6) are essentially negative quantities and are therefore numerically less than unity. We assume in the following analysis that dTo/dVo is approximately constant for a specified ternary fission mode and we examine a number of possible values for dTo/d Vo in the range -1 < dTo/d Vo < O.
From equations (4) the quantity liEk/liEp is given by
We are interested in comparing the predictions of equation (7) with the experimentally measured values for proton-, triton-, and oc-particle-accompanied fission of 2520f obtained by Nardi, Gazit, and Katcoff (1969 0·014  0·99  -0·054  1·054  0·44  4·56  -3,54  0·023  0·98  -0,066  1·066  0·73  3·26  -2·24  0·028  0·97  -0,069  1·069  1·02  2·67  -1·65  0·031  0·97  -0,069  1·069  1·29  2·34  -1·32  0·032  0·97  -0,069  1·069  1·51  2·14  -1·12  0·035  0·97  -0,068  1·068  1·75  2·00  -0·98  0·037  0·96  -0,068  1·068  1·99  1·88  -0·86  0·038  0·96  -0·067  1·067  2·21  1·79  -0·77  0·039  0·96  -0·067  1·067  2·51  1·70  -0·68  0·040  0·96  -0,066  1·066  2·86  1·62  -0,60  0·042  0·96  -0,065  1·065  3·26  1·54  -0·52  0·043  0·96  -0·064  1·064  3·79  1·47  -0,45  0·044  0·96  -0·062  1·062  4·66  1·38  -0,36  0·047  0·95  -0·060  1·060  5·84  1·30  -0·28  0·049  0·95 Accordingly trajectory calculations were made for these three fission modes to obtain explicitly the partial derivatives entering into equation (7)_ A constant mass ratio of 1-4 corresponding approximately to the most probable mass division was assumed and an average over a sin 8 distribution of initial particle direction was made_ The results of these computations are presented in Table 1 together with the average value of each partial derivative taken over a truncated Maxwellian distribution of initial particle energy which roughly corresponds to the truncated distribution of final energies used by Nardi, Gazit, and Katcoff (1969) in their experiment_
III. RESULTS AND DISCUSSION
The experimental data of Nardi, Gazit, and Katcoff (1969) for I:1Ek/I:1Ep are the results of best straight line fits to a plot of average fragment kinetic energy versus particle energy_ Thus, in order to compare the predictions of equation (7) with experiment, an average over all possible initial conditions must be performed_ The right-hand side has therefore been numerically integrated over the initial Maxwellian distribution of particle energy for various values of 1:1 Vo and dTo/d Vo and the results obtained for <x-particles, tritons, and protons are given in Table 2_ Considering first the results of this averaging for <x-particles (Table 2(a) ) we see that, provided the initial potential energy has a Gaussian distribution, a further averaging of I:1Ek/I:1EIX over Vo (for a constant value of dTo/dVo) leads to a value which is independent of the width of the Vo distribution and of dTo/d Vo and which is in acceptable agreement with experiment_ Unlike Feather (1971) therefore we find that the classical model imposes no restriction on the variance of the potential energy distribution merely by consideration of the average value of the quantity I:1Ek/I:1E IX- I dTo/d Vol < 0·6 the potential energy at the scission point is restricted to vary by at most 2 MeV from its average value. This is indeed a rather small variation and forms the basis of Feather's argument for the near uniqueness of the scission configuration in this case. At present, there is no experimental evidence relating to the spread of values of flEk/flE", to be expected for a particular mode of mass division but, even if this spread turns out to be narrow, the classical model offers an alternative explanation to Feather's (1971) result. For values of I dTo/dVo I ?: 0·8 we see from Table 2 (a) that a reasonably narrow range of flEk/flE", values is obtained from a much wider spread in initial potential energy than that found by Feather.
Further experimental data are obviously required. In particular there is need for a determination of flEk/flE", for restricted ranges of the mass splitting ratio. Also a measurement of the spread of values of prompt neutron multiplicity in ternary fission and a determination of whether or not flEk/flE", depends on the number of prompt neutrons emitted in ternary fission would be of great value in the interpretation of the results found here. It is hoped that information on these questions will be forthcoming from a projected experiment to be performed at the Australian Atomic Energy Commission.
For triton-accompanied fission the results also show that flEk/flEtr averaged over a Gaussian distribution for the initial potential energy leads to a value that is in quite good agreement with experiment (Table 2(b) ). It is therefore disturbing to find that the calculated values for Mk/flEpr for protons in Table 2 (c) are very much smaller than experimental values even allowing for the experimental error. Indeed they are smaller than the results for (X-particles. It is possible that the initial conditions obtained by Musgrove (1971b) are greatly in error since the proton energy spectrum is the least well known of the light particle energy spectra. Alternatively, this sharp disagreement with experiment could be caused by using here a model where the proton is emitted from the position of minimum potential energy. In the earlier trajectory calculations a wide distribution of initial positions was assumed for protons with a standard deviation of 7·6 f. The simplification of the model is a much worse approximation to the initial assumed proton-accompanied configuration than to that of either of the other two particles and therefore may be expected to give poorer agreement with experiment.
IV. CONCLUSIONS For (X-particle-and triton-accompanied ternary fission we have found that if the final distribution of flEk/flEp is to be narrow, as assumed by Feather (1971) , then a narrow distribution of initial potential energy is required for values of I dTo/d Vol < 0·6. This finding agrees with the calculation of Feather (1971) . An alternative presented by the classical model would allow a broader distribution in Vo for values of I dTo/d Vo I ?: 0·8. However, further experimental data are required before a choice can be made between these two possibilities deduced from a classical model of the nucleus at scission.
